/WA X1V

12-Bit High Speed
Multiplying D/A Converter

General Description Features
The Am6012 series of multiplying Digital to Analog Differential Nonlinearity: 0.012% (13 Bits)
Converters (DACs) guarantee differential nonlinearity Integral Nonlinearity: 0.025%

to better than +0.5LSB (0.012%) for the 6012A and
+1LSB (0.025%) for the 6012 over the full military and Guaranteed 12-bit Monotonicity Over Temperature
Fast Settling to 0.01%: 250ns

commercial temperature ranges.
The Am6012 combines a 9-bit master DAC with a High Output Compliance: -5V to +10V
Ditferential Outputs: 0 to 4mA

3-bit (MSB's) segmented generator to form an accu-

rate 12 D/A converter at low cost. This segmented
Low Power Consumption: 225mW
Direct Interface to Major Logic Families

design technique reduces the requirement for high accuracy
thin film resistor ladder networks.

The performance of the DAC is virtually independent
of supply voltage and can operate over a power
suppiy range of +4V/-10V to 18V with minimal effect
on full scale current, differential nonlinearity, relative
accuracy and settling time of 250ns.

The high compliance voltage, low drift characteristics,
guaranteed performance and low cost makes these
devices excellent building blocks for A/D converters,
data acquisition systems, and video dispiay drivers.

L 2K 2R 2R 2K 2R % 3% 2
veioowyv/eioouly

Ordering Information

PART TEMP. RANGE PACKAGE
AmB012PC 0°C to +70°C 20 Lead Plastic DIP
Am6012DC 0°C to +70°C 20 Lead CERDIP
Applications Am6012CWP 0°C to +70°C 20 Lead Smail Outline
Amé012C/D 0°C to +70°C Dice*
Data Acquisition Systems Am6012APC 0°C to +70°C 20 Lead Plastic DIP
Video Display Drivers AmM6012ADC 0°C to +70°C 20 Lead CERDIP
Offset DAC App|ications Am6012ACWP 0°C to +70°C 20 Lead Small Outline
A/D Converters Am6012DM -55°C to +125°C 20 Lead CERDIP
Test Equipment Am6012ADM  -55°Cto +125°C 20 Lead CERDIP

* Consult factory for Dice specifications

Typical Operating Circuit Pin Configuration E
Top View
MSB B1 [1] \ [20) v+
50 82[Z] 2]y
B3 (3] (78] Iy
+ov B4[4] maxim V-
R 0 Vour B5(5] Am6012 [is] COMP
R 7> i R
87 7] 4] Vyer
= 88 [} 3] Vyo/Agup
B9l 2] B12 LSB
B10[H® (7] B11
WAXI/VI Maxim Integrated Products 2-63

MaAXIm s a registered trademark of Maxim Integrated Products
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12-Bit High Speed
Multiplying D/A Converter

ABSOLUTE MAXIMUM RATINGS

Power Supply Voltage ..........cccovivuiiinniiinana., *18v Operating Temperature Range

Logiclnputs ............ .. -5Vto +18V Am6012APC, ADC, ACWP, PC,DC, CWP ......... 0°to +70°C
Analog Current Outputs .. .. -8Vto+12V AmMB012ADM,DM ... ... ... -55°C to +125°C
Reference Inputs Vi, Vis ..o ... Vtovt Package Dissipation

Reference Input Differential Voltage (V14, Vis) .. - 4 1:17) Plastic DIP (derate at 8mW/°C above 70°C) .........

Reference Input Current ......... ..o, 1.25mA Small Outline (derate at 10mW/°C above 70°C) .....

Storage Temperature ............ . -65°C to +150°C CERDIP (derate at 11mW/°C above 70°C) ....... .

Maximum Junction Temperature ..................... +160°C Lead Soldering Temperature (60sec.) ...................

Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional

ope/anon of the device at these or any other condmons above those indicated in the operaticnal sections of the sp is not imp Exposure to
imum rating ditions for exte peri may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Vs = £15V, Iger = 1.0mA, Over Temperature Range, unless noted. Output characteristics refer to both oyt and loyr.)

Am6012/Am6012A

Am6012A Am6012
PARAMETER SYMBOL CONDITIONS UNITS
MIN. TYP. MAX. MIN. TYP. MAX.
Resolution 12 12 Bits
Monotonicity 12 12 Bits
Differential D.N.L Deviation from +0.012 +0.025 %FS
Nonlinearity R Idea! Step Size +0.5 *1 LSB
. . Deviation from !deal
Nonlinearity N.L. Straight Line +0.05 +0.05 %FS
~ Vger = 10.000V; Ta = 256°C
Futi-Scale Current lgs R14 = R15 = 10.000kQ 3.967 3.999 4.031 3.935 3.999 4.063 mA
_ +5.0 +20 *10 *40 ppm/°C
Full-Scale Tempco TCles +0.0005 +0.002 +0.001 *0.004 |%FS/°C
D.N.L. Specification
Quiput voltage Voc | Guaranteed Over -5 +10 -5 +10 v
P Compliance Range
Full-Scale Symmetry lrss les| = test +0.02 +1 +0.4 +2 uA
Zero-Scale Current lzs 0.10 0.10 nA
To +% LSB, All Bits
Settling Time ts Switched ON or OFF 250 500 250 500 ns
(Note 1)
All Bits Switched;
Propagation thLm 50% Point Logic Swing
Delay — All Bits tor to 50% Point Output 25 50 25 50 ns
{Note 1}
Output Resistance Ro >10 >10 MO
Output Capacitance Cour 20 20 pF
Logic Input Levels “0" Vie Vic = GND 0.8 0.8 \
Logic Input Leveis “1” Vin Vic = GND 2 2 \
Logic Input Current [ Vin = -5 to +18V 40 40 uA
Logic Input Swing Vis -5 +18 -5 +15 \
Reference Current
Range lper 0.2 1.0 1.1 0.2 1.0 1.1 mA
Reference Bias _ _
Current s 0 -0.5 -2 o 0.5 2 pA
Reference Input Ri4eq) = 80002
Slew Rate di/at Cc = OpF (Note 1) 4 8 4 8 mA/us
V* = +13.5V to +16.5V;
+ ' + + + +i
Power Supply PSSlgg V- = 15V +0.0005 =*0.001 +0.0005 +0.001 v
Sensitivity PsSies™ | V3o 10 188V £0.00025 +0.001 +0.00025 +0.001
+ 4.5 18 4.5 18
Power Supply Range z_ Vout = 0V _18 108 18 _10.8 \
2.64 VAKXV
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12-Bit High Speed
Multiplying D/A Converter

ELECTRICAL CHARACTERISTICS (continued)

(Vs = +15V, Iggr = 1.0mA, Over Temperature Range, unless noted. Output characteristics refer to both lout and loyT.)

PARAMETER SYMBOL CONDITIONS AmSo12A Am6012 UNITS
MIN. TYP. MAX. MIN, TYP. MAX.
Power Supply :E VT = a8V, Vo =-15v —:13539 -ZB -?59 -Za mA
current - V* =418V, Vo = -5V 58 s 30
Power Dissipation Pp x: : Iﬁ’;’v}l\;_i'lfzv ggg ggg gg‘;’ g‘.}g mw

Note 1: Guaranteed by design.

>
3
S
N
N
3
S
N
>

5000k  2.000mA
AA——
RorF Veer
Ry A =
A4 V R14 1.0mA
+10v* 3 F N
[
l REF } A Yr  Rope = _VREF
Y T~ . 0 2.0mA
ANALOG
chounp = 'Ok 2 l R
|SEE CODE TELE) T s 2',%5‘,,‘,, = =
Note: * Refer to Application section. ANALOG GROUND
Figure 1. Voltage Output Connections
TABLE 1: Input Code Formats
MSB LsB | 1, T
CODE FORMAT CONNECTIONS OUTPUT SCALE B1 B2 B3 B4 BS BS B7 BS B9 B10 B11 B12 | (mA) |(mA) Vour
U Straight Binary; One A-C Positive Full Scale T 111 1 11 1 1 1 t 1 (3909|0000 99976
N Polarity with True Input B-G Positive Full Scale -1 LSB 1T 1 1 1 1 11 1 1 1 1 0 |39980001 | 9.9951
] Code, True Zero Output. |R1 = R2 = 2.5K | Zero Scale 0 0 00000 0O O O O 0000|3999 |0.0000
P —
o g:?:::‘:t’;‘:z:'“'y' AG Positive Full Scale 00000000O0O0TO0 O 0 |0000|3090]00076
k Gomplementary Input B-C Positive Fult Scale -1 LSB 0 0 000 O0OO0OTO OO 0 1 {0001 3998 | 9.8951
R Code, True Zero Output. R1 = R2 = 25K | Zero Scale- 11t 1 1 1 1 1 1 1 1 1 1[3999]0.000| 0.0000
. " . Positive Full Scale 1T 11 1 1t 1 1 1 1 1 1 11399 (0000 9.9976
?)t;:lzn:‘ g'nss:: z-nary- A-C Positive Full Scale -1 LSB 11 1 1 1 1 1 1 1 1 1 0 [3998]0001 | 99927
3 Symmetrical abo;n B-D (+) Zero Scale 100 000000 O O O |2000]1999 | 0.0024
M Z:ro No True F-G (-) Zero Scale 01 1 1 1t 1 1 1 1 1 1 119992000 [-0.0024
" ] Ze '0 tout R1 = R3 = 25K | NegativeFullScale-1LSB | 0 0 0 0 0 0 0 0 0 O O 1 |0.001 3908 |-00927
E i ro Cutput. Negative Full Scale 00 0O0O0OOGO OO 0 O O |0000]|3999 -9.9076
; 8§ | 1's Complement; Offset AC Positive Fuil Scale 01 1 1 1 1 t 1 1 1 1 1 |3999{0000]| 9.9976
| E | Half Scale, B-D Positive Full Scale -1 LSB 011 1 1 1 1 1 1 1 1 0 [3908]0001 | 99927
c T| Symmetrical About Zero, F-G (+) Zero Scale 0 0000 O0O0CO0 O O O O {2000[199 ]| 00024
A No True Zero Output R1 = R3 = 25K (-} Zero Scale 1T 1 1 1 1 1 1 1 1 1 1 1 | 1.999 } 2.000 |-0.0024
L MSB Complemented F;Z =1 25K' Negative Full Scale -t LSB 10 0 0 0 00 00 0 0 1 |0001|3998|-9.9927
(need Inventer at B1) ) Negative Full Scale 1000 0 0 0 O0O0C O O O 0000|3099 }-9.9976
Positive Full Scale 11 11 1 1 1 1 1 1 1 1 [3999 {0000 99951
Positive Full Scale -1 LSB t1 111 1 11 1t 1 1 0)38988(0001 | 9.9902
o Offset Binary; E-A-C +11.8SB 100 0 0 0 0 00 O 0 1 {2001]1998| 00049
FT Offset Half Scale, B-G Zero Scale 100 0 0 0 000 O O O (2000|1999 0000
F R| TrueZero Output Rt =R2=5K -tLse 01 1 1 1t 1 1 1 1 1 1 118992000 |-0.0049
s U Negative FullScale+1LSB| 0 0 0 0 0 0 0 0 0 O O 1 [0.001]3998 -9.9951
E E Negative Full Scale 0 0 00 0 O0OOO O 0 O ;0000|399 |-10.000
T z Pasitive Full Scale 01 1 1 1 1 1 1 1 1t 1 1 |3999|0.000]| 9.8951
w E| 2'sComplement; Positive Full Scale -1 LSB 01 1 1 1 1 1 1 1 1 1 0[3998]0001| 99902
I R| Offset Half Scale, E-A-C +1LSB 0 0 0 0 0 00O O O O 1 (2001|1998 0.0048
T O] True Zero Output B-G Zero Scale 0O 0 0000 0OOO OC O O /2000]199 0.000
H MSB Complemented R1=R2=5K [-1LSB 11 1 1 1 1 1 1 1t 1 1 11999|2000]| -0.049
(need Inverter at 81). Negative Full Scale 10000 O0O0DO0O0 O 0 1 [0001]3998)-9.9951
Negative Full Scale 100000000 0 0 000003999 ]|-10.000
-
PV D AV Y] 2-65
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12-Bit High Speed
Multiplying D/A Converter

< Typical Characteristics
oy OUTPUT CURRENT vs.
(=] OUTPUT VOLTAGE REFERENCE AMPLIFIER OUTPUT COMPLIANCE
73] (OUTPUT VOLTAGE COMPLIANCE) COMMON-MODE RANGE vs. TEMPERATURE
E = 1ok ur T s T
wf o - af r._.F____..______
< 36 f¥-=-15v ~108y 36 - . g
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= - e — 32 mmemmmmrm =
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QUTPUT VOLTAGE (v} V15 REFERENCE COMMON MODE (V) TEMPERATURE (°C)
POWER SUPPLY CURRENT vs. POWER SUPPLY CURRENT TRUE AND COMPLEMENTARY
POWER SUPPLY VOLTAGE vs. TEMPERATURE OUTPUT OPERATION
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12-Bit High Speed
Multiplying D/A Converter
Detailed Description Applications

The Am6012 DAC has two major sections, an 8 seg-

mented generator and a 9-bit master/slave DAC. Fig- Logic Inputs
ure 2 shows a simplified schematic, where the 3 most The Am6012 logic input circuitry allows the user to
significant bits (MSB’s) are inputs to a 3 to 8 line interface with all major logic families. Logic inputs
decoder. The selected current source (I5 in figure 1) from -5V to +10V can be used with -15V and +5V to
is connected to the master/slave 9-bit DAC. The +15V supplies. This enables +15V CMOS logic to be
lower currents (l1.4) are summed into the lg line interfaced even when the Am6012 is powered with
whilst the higher order currents (igg) are summed +5V. With V| ¢ tied to ground the internal logic level
into the g line. The I5 current supplies 512 steps of is set to 1.3V, suitable for TTL and +5V CMOS. The
current (0 to 0.499mA for a 1mA reference current) logic threshold can be adjusted over a wide range

which are also summed into either the lp or lg lines using the relationship:
depending on the bits selected for the 9-bit DAC. VTH = Vie + 1.3V

In figure 2, the code selected is 100 110000000, this ar - .
resuits in (4 x 0.5mA) segment currents plus (0.375mA) tc);/pigalrlgussitnkbseart:,:e:n (}” ggtner:glngﬁggﬂ?y \slﬁgulzs bg
DAC current being summed into lo giving a total of designed to accommodate this current. When inter-
2.375mA. Io has a current of 1.625mA. As the MSB's facing the Am6012 to ECL, the reference current
are incremented, each successive code increases the (Irer) should be limited to <1'mA

Io output by 0.5mA and subtracts 0.5mA from Ig. The REF. =imA.
selected segment current source (l1-g) has its current
fed into the 9-bit DAC. The 9-bit DAC's digital code Power Supplies
determines how much current is added to the DAC The Am6012 operates over a supply range of +5V, -10V
output. The output is therefore a combination of the to £18V when using an Irer = 1mA. Operating the
lower order segment current and the 8-bit DAC. This Am6012 below -10V reduces the output compliance

veioowyv/ecioouly

arrangement guarantees 12-bit monotonicity because voltage and below -8V seriously degrades the DAC’s
the 9-bit DAC is monotonic. overall linearity. The positive supply voitage is not
critical for the Am6012, and can be operated from
+4V to +18V.
vt Vic/AGno 81 B2 B3 B4 B85 BE B7 B8 B9 BIO Bl BI2
Q MsB Q © ] e 9 9 oI

20 13 1 2 3 4 ] [} 7 8 9 10 ju_n2

370 8 LINE SEGMENT DECODER LOGIC CONTROL

CURRENT Iseq
SWITCHES l '

REFERENCE

Vaerro—14 AMPLIFIER
15 BIAS
VReF™ O NETWORK
[}
)
-
16 7
coMP v-
Figure 2. Simplified Schematic
AKXV 2-67
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Am6012/Am6012A

12-Bit High Speed

Multiplying D/A Converter

Reference Amplifier

The full scale current (Igs) at the Ig output is in direct
propgrtion to the reference current (Iger) flowing into
pin 14,

4095
lgs = x4 x(l
F$=7 (Irer)

= 3.999mA when IRgr = TmA

The reference current can be varied over a wide
range from 1.0uA to 1.1mA.

For high accuracy applications, precision references
such as the +10V REFO1, AD581, AD584 or +5V REF02
should be used. For the ultimate in performance the
+10V MAX670/671 devices should be used as these
devices offer kelvin sensed VoyT and ground connec-
tions. The temperature coefficient of the Am6012
output current is nearly equal to that of the reference
voltage source. Using the +5V logic supply is not
recommended as noise can be coupled into the DAC
through the reference input. It is also recommended
for DC references to split the reference setting resistor
and to bypass with a 0.01uF capacitor from the junc-
tion of the two resistors and analog ground. To
compensate for the input bias current of the Am6012
reference amplifier a resistor with the same value as
the reference resistor should be inserted between pin
15 and ground.

A negative reference can also be used with the
Am6012 by connecting it to pin 15. The DAC reference
current is now established through the resistor from
pin 14 to ground. The negative reference connection
has the advantage of offering a high input impedance
at pin 15.

The reference amplifier of the Am6012 must be com-
pensated with a 0.01uF capacitor from pins 16 to 17
when using a DC reference source. For AC reference
applications the value of compensation capacitor C¢
depends on the value of the unbypassed source re-
sistor at pin 14. For puised reference operation, use
minimum value source resistors. Compensation is not
required for values less than 800Q, and offers the
fastest slew rate and widest bandwidth.

Multiplying Operation

The Am6012 provides excellent performance with an
extremely linear relationship between Ifs and Iger
over a wide range of 1mA to 1xA. Monotonic opera-
tion is typically maintained over the 100uA to 1mA
range. Gain linearity is slightly degraded at low values
of Irer.

Analog Output Currents

Both the true (lg) and complemented (lg) outputs
sink current, and the summation of the two currents
equals the full scale current (lgs) for all codes. The
current at lp increases when a logic 1 is applied to
each logic input. Conversely, a logic 0 decreases the
current at lg. Both of the outputs of the DAC can be
used simultaneously. If either of the outputs are

2-68

unused, it must be tied to ground or to a point that
can source the Igg current.

The output compliance voltage of the Am6012 is
between +10V to +25V above the negative voltage
supply. This allows a variety of current to voltage
conversion schemers using both load resistors and/or
op-amps as shown in figures 1, 3, and 4.

Ri

——ovy
+ IANXI AN
| MAX400

Vo =010 lgg x R

2NAXIMN
Am6012

- 4005
Irs= 4xi =
P 3006 " REF

For complementary output (operation as a negative logic DAC),|
connectinverting input of op-amp to lo (pin 19); connect g (pin 18)
to GND.

Figure 3. Negative Low Impedance Output Operation

——O Vo
+ SNAXIMN

MAX400

mAaAxXim
Am6012

Vo=0to Igg x R

4095
leg= 2999 o 4«
S = 2006 x & X lrer

For complementary output (operation as a negative logic DAC),
connectinverting input of op-amp to lo (pin 19); connect o (pin 18)
to GND.

Figure 4. Positive Low Impedance Output Operation

18 - |

Mmaxim 0
Am6012 0
19 0

Iner 2= PEAK NEGATIVE SWING OF iy

Reer 144

18 g Io

+

VREF
Rner = RIS ¢

W P

mAaAXIiM
Am6012

RIS
(OPTIONAL) |5
oO—A——

=
HIGH INPUT
IMPEDANCE

Vrer' must be above peak positive swing of Viy.

Figure 5. Accommodating Bipolar References

VAKXV
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12-Bit High Speed

Multiplying D/A Converter

Settling Time

The typical full scale settling time of the Am6012 is
250ns for Iger = 1TmA. The full potential of the Am6012
is realized only through careful PC board layout, with
particular attention to grounding. Analog ground
should not be modulated by digital ground return
currents. It is recommended that the digital and ana-
log grounds be connected at one point near to the
power supply ground. The fastest operation will be
achieved by using short leads, minimizing output
capacitance and load resistor values, and by adequate
high frequency bypassing of supply, references, and
Vic pins. The supplies do not have to be decoupled
with large electrolytic bypass capacitors since the
Ame6012 supply current is independent of input logic
codes.

Temperature Performance

The nonlinearity and monotonicity specifications of
the Am6012 are guaranteed to apply over the complete
temperature range. Full scale output current drift is
well controlled at 8ppm/°C, and the zero-scale out-
put current and drift a small fraction of an LSB.

In the majority of situations external components
contribute most of the errors due to temperature
variations. The external voitage reference temperature
coefficient (TC) directly contributes a TC to the out-
put of the DAC. The reference resistor R14 and output
scaling resistors also enter into the temperature error
budget. The two resistors should track each other
and have similar TC’s. The reference resistor can
have fixed power dissipation (assuming a fixed DC
voltage reference), whereas, the scaling resistor has a
power dissipation that is proportional to the square of
the output voltage. For example at OV the power
dissipation is OmW but at 10V using a 2.5k} resistor
the power dissipation is 40mW. if the TCs of the
resistors are too high this differential power dissipa-
tion can cause errors in the relative accuracy.

Vaer-

Vrer~
g~ ——— x4

Rrer

Note:
RRer sets Irs; R15 is for bias current cancellation.

LOwW TC.
VRer 45k 14
+5.000v ©-

—W
ES Richdl ""':

Am6012

10k ¢
por jL APPROX.

Figure 7. Recommaended Full-Scale Adjustment Circuit

mss
81 B2 B3 B4 BS B6 B7 BB BY BID Bit BI2

Rner
Vaeet R4 g,
O——AA—
IREF —ri
RIS 15 Am6012

01uF " Cc

.st . 20]13
I Flh_i | For fixed reference,
— L TTL operation,

= = v V*VWie  typical values are:
VRer = +10.000V
RperF = 10.000kN

Vage® , 4095 ,

lgg =
F$” Rper . 4096 R15 = Rper
— Cc = 0014F
lo +To = Is for all Iogic states. Vis = OV (GND)

Figure 8. Basic Positive Reference Operation

Vaer*

| oPTIONAL RESISTOR
N 3:.1,,5; | FOR OFFSET INPUTS
IN

AAA
VWA~

Reg~80002|
n <
ov L24

MAXIM
Am6012

= N0 CAP
Typical values: 1
Rin = 1k Rea = — P p
Rp = 4kQ2 N N
Vint =1V Rin Rp Rrer

Figure 6. Basic Negative Reference Operation

N AXI/

Figure 9. Pulsed Reference Operation
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12-Bit High Speed
Multiplying D/A Converter

TTL HTL ECL
Vin = 1.3V Qv+ —L

MAXIMN
Am6012

Smkn 210

-;“"Kzuamx -LKzuam
.LKzuasm ) 2M3904
TOPIN 13 |< TOPIN 13

3k Vig k0 Vi

AAA
W

5 >
+15V S b <

Vi = Vg + 13V S AN :wm“‘ <300 3 6x&n
FOR +15V CMOS

Q0 Vry = +15V _L
Vi l -5.2v

Am6012/Am6012A

O1uf Note 1: Set the voltage “A” to the desired togic input switching
= threshold

Note 2: Allowable range of logic threshold is typically -5V to
13.5V when operating the DAC on 15V supplies.

Figure 10. Interfacing with Various Logic Families

Package Information Chip Topography
0105 |
(2.667mm)
‘ * mum Max. LEAD #1 B|3 Blz nl! vl+ Tlo |:,
0030 -0130
0250 + 0.005 o762 - 2794 PAL- . v-
{6350 0.127] B4 —
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{14 =012n i
18
0300 - 0320
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toig T @508 iy Vaer-)
_-I l‘_' B ¥ 0140 h
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(&gozgl MIN. '25 - 06— =m == B Vaer(+)
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=
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Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied.
Maxim reserves the right to change the circuitry and specifications without notice at any time.
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